Theory of mind skills are related to gray matter volume in the ventromedial prefrontal cortex in schizophrenia

Supplemental Information
. In Schizophrenia: Scatter plots of main ventromedial prefrontal cortex (VMPFC) clusters (from Figure 2) showing a relationship between ToM skills and GMV 9
Additional information on Interpersonal Reactivity Index (IRI) subscales 9 Figure S2 . In Schizophrenia: IRI -Empathic Concern correlates with VMPFC 10 All p-values reported in the tables are from two-tailed tests. * significant at p < .05 (two-tailed). # significant at p < .05 (one-tailed) (i.e. p = .048 with a one-tailed test). a η 2 p = partial eta squared effect size. b This analysis was also conducted using a 2 x 2 ANCOVA controlling for education. Education was significantly related to Faux Pas scores F(1, 31) = 6.14, p = .019; η 2 p = .17 a . However, even when controlling for education, group is still a significant predictor of Faux Pas score F(1, 31) = 6.83, p = .014; η 2 p = .18. c All IRI subscales are reported for the convenience of researchers interested in the different components of empathy. Relationship between GMV and ToM Self-Report: IRI Perspective-Taking for cluster at MNI x, y, z coordinates: -10, 44, -2. GMV, gray matter volume; IRI, Interpersonal Reactivity Index; MNI, Montreal Neurological Institute; QLS, Quality of Life Scale; ToM, theory of mind; VMPFC, ventromedial prefrontal cortex.
Voxel-Based Morphometry Regression Results for Schizophrenia Participants
Additional Information on Interpersonal Reactivity Index Subscales
Among the 4 IRI subscales (Perspective-Taking (PT), Empathic Concern, Fantasy Scale, and Personal Distress), both Perspective-Taking and Empathic Concern assess empathy in the context of interpersonal relationships. The Empathic Concern subscale assesses the self-reported tendency to feel sympathy or compassion for others in distress (e.g. "I am often quite touched by things that I see happen" and "I often have tender, concerned feelings for people less fortunate than me"). The Fantasy scale assesses tendency to relate to fictional characters (e.g. "I really get involved with the feelings of the characters in a novel"). Although this scale assesses capacity to imagine the lives of others, it does not directly pertain to a person's real interpersonal relationships. The Personal Distress subscale assesses the tendency to feel anxious and stressed during difficult situations (e.g. "In emergency situations, I feel apprehensive and ill-at-ease"), and does not pertain directly to empathic responding as it enhances relationships (see Davis, 1996 for more information (1-2)).
The current study focused on the IRI Perspective-Taking subscale as the self-reported ToM measure because the PT subscale specifically taps the use of ToM skills, perspective-taking, to understand others (also referred to as cognitive empathy). The IRI Empathic Concern subscale measures self-reported feelings of sympathy and compassion. This is a component of affective empathy which can occur automatically, does not require advanced ToM skills, and is usually found to be intact in schizophrenia participants whereas IRI PT (cognitive empathy) is more impaired (3) (4) (5) (6) (7) (8) . However, affective empathy does enhance social relationships, and it is an important component of successful social functioning (5) (6) 8) . Furthermore, because affective empathy involves generating and monitoring affective response, it is likely that affective empathy also relies on VMPFC function. Therefore, we conducted additional analyses to investigate the relationship between IRI Empathic Concern and GMV in schizophrenia participants.
Figure S2. Whole-brain regression analysis of the relationship between IRI Empathic
Concern and GMV among the schizophrenia group. Results show that greater IRI Empathic Concern is significantly related to more VMPFC GMV (p < .001 uncorrected). VMPFC cluster is centered in the anterior cingulate cortex (MNI coordinates: -4, 36, 4; results remain significant (p < .05, FWE) after small volume correction for multiple comparisons). FWE, family wise error; GMV, gray matter volume; IRI, Interpersonal Reactivity Index; MNI, Montreal Neurological Institute; VMPFC, ventromedial prefrontal cortex. Table S8 . Regions across the whole brain showing a relationship between theory of mind (ToM) and gray matter volume (GMV) among schizophrenia patients when controlling for duration of illness. Clusters designated as VMPFC are within the anatomically defined VMPFC region of interest (ROI). Regions are listed in the order they appear in the main analysis ( Table 2 , main text). All regions that were significant in the main analysis are listed; those clusters that are no longer significant when controlling for duration of illness are shown in italics. Symbols designate results after correcting for multiple comparisons within the VMPFC or STC using family wise error (FWE p < .05). Table S9 . Regions across the whole brain showing a relationship between theory of mind (ToM) and gray matter volume (GMV) among schizophrenia patients when controlling for antipsychotic medication (quantified as chlorpromazine equivalents). Clusters designated as VMPFC are within the anatomically defined VMPFC region of interest (ROI). Regions are listed in the order they appear in the main analysis ( Table 2 , main text). All regions that were significant in the main analysis are listed; those clusters that are no longer significant when controlling for medication are shown in italics. Symbols designate results after correcting for multiple comparisons within the VMPFC or STC using family wise error (FWE p < .05).
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Superior Table S11 . Regions across the whole brain showing a significant interaction effect of Group (Schizophrenia/Healthy Control) and theory of mind (ToM) measure. For each ToM measure, interaction results for ventromedial prefrontal cortex (VMPFC) and superior temporal cortex (STC) regions of interest are listed first. All VMPFC and STC clusters that showed a significant relationship between ToM and GMV in the schizophrenia group (Table 2, Figure 2 ) are listed; those VMPFC and STC clusters that were significant within the schizophrenia group (Table 2, Figure 2 ) but not significant in the interaction are shown in italics. Small volume corrections (SVC) for multiple comparisons were applied to all clusters in the VMPFC and STC; clusters that are significant after SVC are designated with an asterisk (*). * significant at p < .05, family wise error with small volume correction in the ventromedial prefrontal cortex.
Voxel-Based Morphometry Regression Results for Healthy Control Participants
Between-Group Differences in the Relationship between ToM Skills and GMV
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